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1
METHOD OF FABRICATING ELECTRONIC
CIRCUIT

CROSS-REFERENCE TO RELATED
APPLICATIONS

This U.S. non-provisional patent application claims prior-
ity under 35 U.S.C. §119 of Korean Patent Application No.
10-2013-0144635, filed on Nov. 26, 2013, the entire contents
of which are hereby incorporated by reference.

BACKGROUND OF THE INVENTION

The present invention disclosed herein relates to a method
of fabricating an electronic circuit, and more particularly, to a
method of fabricating a stretchable or foldable electronic
circuit.

Unlike typical flexible devices having only a bendable
function, stretchable electronic circuits may be applicable to
various fields, such as a sensor skin for robots, wearable
communication devices, internal or attachable bio-elements,
and next-generation displays. Accordingly, studies for imple-
menting stretchable electronic circuits have been conducted.

In order to implement a stretchable electronic circuit, tech-
nologies for forming a device region and a wiring region on a
flexible substrate are required. In typical flexible devices, a
device region is separately formed and then the device region
is attached on a flexible substrate to form a flexible device.
Besides, semiconductor processes are used in order to form
the device region. However, since such flexible substrates do
notallow for the formation of the device region and the wiring
region in a continuous semiconductor process, such stretch-
able electronic devices have limitations in that high fabrica-
tion costs are required.

SUMMARY OF THE INVENTION

The present invention provides a method of fabricating an
electronic circuit with process simplicity and improved reli-
ability.

Embodiments of the present invention provide methods of
fabricating an electronic circuit including: preparing a sub-
strate, forming a polymer film on the substrate, patterning the
polymer film to form a polymer pattern, and forming an
electronic device on the polymer pattern.

Insome embodiments, the patterning of the polymer film to
form a polymer pattern may further include forming a pho-
toresist pattern on the polymer film, etching a portion of the
polymer film exposed to the photoresist pattern, selectively
removing the photoresist pattern, and performing a heat treat-
ment process to cure the polymer pattern.

In other embodiments, the polymer film may include a
polyimide.

In still other embodiments, the substrate may include a
device region in which the polymer pattern is formed, and a
wiring region other than the device region, and the above
method may, prior to forming the electronic device, further
include forming the wiring region such that the wiring region
alternately and repeatedly has a concave surface and a convex
surface.

In even other embodiments, the above method may further
include forming a metal wiring on the wiring region, wherein
the metal wiring may be conformally formed on the wiring
region to alternately and repeatedly have a concave surface
and a convex surface, extend to an upper surface of the poly-
mer pattern and be disposed between the polymer pattern and
the electronic device.
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In yet other embodiments, the metal wiring extending to
one surface of the polymer pattern and the metal wiring
extending to the other surface of the polymer pattern may be
formed spaced from each other.

In further embodiments, the polymer pattern may include a
first polymer pattern and a second polymer pattern facing
each other, wherein the metal wiring extending to one surface
of'the first polymer pattern and the metal wiring extending to
the other surface of the second polymer pattern may be elec-
trically connected to each other such that an electronic circuit
on the first polymer pattern and an electronic circuit on the
second polymer pattern may be electrically connected to each
other.

In still further embodiments, the forming of the electronic
device may include: forming a source electrode and a drain
electrode on the polymer pattern, forming a semiconductor
layer on the source electrode and the drain electrode, forming
a gate insulating layer covering the source electrode, the drain
electrode, and the semiconductor layer on the polymer pat-
tern, and forming a gate electrode on the gate insulating layer.

In even further embodiments, the preparing of the substrate
may include a wiring region having a concave surface and a
convex surface alternately and repeatedly formed on a portion
of the substrate, and a device region is defined by the wiring
region.

In yet further embodiments, the device region may include
a flat surface or concave surface and a convex surface alter-
nately and repeatedly formed thereon.

In much further embodiments, the patterning of the poly-
mer film to form the polymer pattern may include forming a
photoresist pattern on the device region of the substrate and
etching a portion of the polymer film on the wiring region of
the substrate by using the photoresist pattern as an etching
mask.

In other embodiments of the present invention, methods of
fabricating an electronic circuit include preparing a first sub-
strate, sequentially forming a sacrificial film and a polymer
film on the substrate, patterning the polymer film to form a
polymer pattern on the sacrificial film, forming a second
substrate covering the polymer pattern on the sacrificial film,
separating the second substrate from the sacrificial film to
form the second substrate in which the polymer pattern is
embedded, and forming an electronic device on the polymer
pattern.

In some embodiments, the polymer pattern may include a
cured polyimide.

In other embodiments, the forming of the second substrate
may include applying a stretchable elastomer material on the
sacrificial film, and curing the stretchable elastomer material
through a heat treatment process.

In still other embodiments, the stretchable elastomer mate-
rial may include poly-dimethylsiloxane (PDMS).

In even other embodiments, the second substrate may
include a device region in which the polymer pattern is
formed, and a wiring region other than the device region, and
the above method may, prior to forming the electronic device,
further include forming the wiring region such that the wiring
region alternately and repeatedly has a concave surface and a
convex surface.

In yet other embodiments of the present invention, the
method may further include comprising forming a metal wir-
ing on the wiring region of the second substrate, wherein the
metal wiring may extend to an upper surface of the polymerto
be electrically connected to the electronic device.
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BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings are included to provide a
further understanding of the present invention, and are incor-
porated in and constitute a part of this specification. The
drawings illustrate exemplary embodiments of the present
invention and, together with the description, serve to explain
principles of the present invention. In the drawings:

FIG. 1 is a top plan view illustrating an electronic circuit
according to exemplary embodiments of the present inven-
tion;

FIGS. 2A to 2I are cross-sectional views illustrating a
method of fabricating an electronic circuit according to exem-
plary embodiments of the present invention, taken along line
I-I'in FIG. 1;

FIGS. 3A to 3D are cross-sectional views illustrating a
practical application of a method of fabricating an electronic
circuit according to exemplary embodiments of the present
invention, taken along line I-I' in FIG. 1;

FIGS. 4A to 41 are cross-sectional views illustrating a
method of fabricating an electronic circuit according to other
exemplary embodiments of the present invention, taken along
line I-I' in FIG. 1; and

FIGS. 5A and 5B are perspective views illustrating a wir-
ing region of a substrate on which a metal wiring is formed
according to exemplary embodiments of the present inven-
tion.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

Other advantages and features of the present invention, and
implementation methods thereof will be clarified through
following embodiments described with reference to the
accompanying drawings. The present invention may, how-
ever, be embodied in different forms and should not be con-
structed as limited to the embodiments set forth herein.
Rather, these embodiments are provided so that this disclo-
sure will be thorough and complete, and will fully convey the
scope of the present invention to those skilled in the art.
Further, the present invention is only defined by scopes of
claims. Like reference numerals refer to like elements
throughout.

In the following description, the technical terms are used
only for explaining exemplary embodiments while not limit-
ing the present invention. The terms of a singular form may
include plural forms unless otherwise specified. Also, the
meaning of “include,” “comprise,” “including,” or “compris-
ing,” specifies a property, a region, a fixed number, a step, a
process, an element and/or a component but does not exclude
other properties, regions, fixed numbers, steps, processes,
elements and/or components.

Additionally, the embodiment in the detailed description
will be described with sectional views as ideal exemplary
views of the present invention. In the figures, the dimensions
of layers and regions are exaggerated for clarity of illustra-
tion. Accordingly, shapes of the exemplary views may be
modified according to manufacturing techniques and/or
allowable errors. Therefore, the embodiments of the present
invention are not limited to the specific shape illustrated in the
exemplary views, but may include other shapes that may be
created according to manufacturing processes. For example,
an etched region illustrated as a rectangle may have rounded
or curved features. Areas exemplified in the drawings have
general properties, and are used to illustrate a specific shape
of'a semiconductor package region. Thus, this should not be
constructed as limited to the scope of the present invention.
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FIG. 1 is a top plan view illustrating an electronic circuit
according to exemplary embodiments of the present inven-
tion. FIGS. 2A to 21 are cross-sectional views illustrating a
method of fabricating an electronic circuit according to exem-
plary embodiments of the present invention, taken along line
I-I" in FIG. 1. FIGS. 5A and 5B are perspective views illus-
trating a wiring region of a substrate on which a metal wiring
is formed according to exemplary embodiments of the present
invention.

Referring to FIG. 2A, a polymer film 102 is coated on a
substrate 100. The substrate 100 may include a stretchable
elastomer material and may be, for example, a Poly-dimeth-
ylsiloxane (PDMS) substrate. The polymer film 102 may be
coated on the substrate 100 by a direct coating, a spin coating,
a bar coating or a printing process. The polymer film 102 may
include a polyimide. The polymer 102 may have a thickness
thinner than the substrate 100. The polymer film 102 coated
on the substrate 100 may undergo heat treatment at a prede-
termined temperature to have hardness for patterning in a
subsequent patterning process.

Referring to FIG. 2B, a photoresist pattern 104 is formed
on the polymer film 102. The photoresist pattern 104 may be
used as an etching mask for patterning the polymer film 102.

Referring to FIG. 2C, in order to pattern the polymer film
102, the polymer film 102 exposed to the photoresist pattern
104 is etched to form a polymer pattern 104. A portion of the
polymer film 102 exposed to the photoresist pattern 104 may
be removed to expose an upper surface of the substrate 100.
The polymer film 102 may be patterned by wet etching or dry
etching. The polymer pattern 102a may have a width equal to
the photoresist pattern 104. On the other hand, the width of
the upper surface of the polymer pattern 102a is equal to that
of'the photoresist pattern, and a lower surface of the polymer
pattern 102a may have a width wider than the upper surface of
the polymer pattern 102a.

Referring to FIGS. 1 and 2D, the photoresist pattern 104 is
removed. The photoresist pattern 104 may be removed by
ashing. A heat treatment may be carried out to rigidly cure the
polymer pattern 102a from which the photoresist pattern 104
is removed. The heat treatment temperature may be not less
than about 300° C. In a subsequent process, electronic devices
(for example, transistors) are formed on the polymer pattern
102a.

The substrate 100 includes a device region 10 and a wiring
region 20. The device region 10 is a region on which the
polymer pattern 1024 is formed and the wiring region 20 is a
remaining region of the substrate 100 other than the device
region 10.

Referring to FIGS. 1 and 2E, the wiring region 20 of the
substrate 100 is formed to locally have a wrinkled surface. In
detail, the wiring region 20 may alternately and repeatedly
have a concave surface and a convex surface.

Referring to FIG. 5A, the concave surface and the convex
surface are alternately and repeatedly connected to each other
in a first direction (X-direction) and may extend in a second
direction (Y-direction).

On other hand, referring to FIG. 5B, the concave surface
and the convex surface are alternately and repeatedly con-
nected to each other at the same time to have a two-dimen-
sional wrinkled surface.

The wrinkled surface of the wiring region 20 may be
formed by a physical process (for example, a plasma process),
a chemical process (for example, an etching process) or a
mold process. However, methods of forming the surface of
the wiring region 20 are not limited to the above-described
methods.
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Referring to FIGS. 1 and 2F, a metal wiring 106 is formed
on the wiring region 20 of the substrate 100. The metal wiring
106 is conformally formed on the wiring region 20 to have the
same profile as the surface of the wiring region 20. The metal
wiring 106 may be formed to extend from the surface of the
wiring region 20 to an upper surface of the polymer pattern
102a4.

The metal wiring 106 extending to one surface of the
polymer pattern 102a and the metal wiring 106 extending to
the other surface of the polymer pattern 102a are formed
spaced from each other on the same surface of the polymer
pattern 102a so as not to be electrically connected.

The metal wiring 106 formed between the polymer pat-
terns 102a facing each other extends to the upper surface of
each of the polymer patterns 1024. For example, one of a pair
of'the polymer patterns 102a facing each other is defined as a
first polymer pattern and the other is defined as a second
polymer pattern. The metal wiring 106 extending to one sur-
face of the first polymer pattern and the metal wiring 106
extending to the other surface of the second polymer pattern
are electrically connected to each other, so that an electronic
circuit on the first polymer pattern and an electronic circuit on
the second polymer pattern may be electrically connected to
each other.

A source electrode 108 and a drain electrode 109 are
formed electrically spaced apart from each other on the metal
wiring 106 on the upper surface of the polymer pattern 102a.
The source and drain electrodes 108 and 109 may be formed
by a photolithography process, a Lift-Off process, a deposi-
tion process using a shadow mask, or a printing process. The
source and drain electrodes 108 and 109 may include a metal,
such as tungsten (W), copper (Cu), aluminum (Al), chromium
(Cr), molybdenum (Mo), silver (Ag), or gold (Au).

Referring to FIGS. 1 and 2G, a semiconductor layer 112 is
formed on the source and drain electrodes 108 and 109. The
semiconductor layer 112 may be formed to cover upper sur-
faces of the source and drain electrode 108 and 109 and to be
positioned between the source and drain electrodes 108 and
109. The semiconductor layer 112 may be formed by a
vacuum deposition, a solution process, or a printing process.
The semiconductor layer 112 may be an organic semiconduc-
tor layer, a silicon semiconductor layer or an oxide semicon-
ductor layer. In order to improve device characteristics, a heat
treatment process may be added to the semiconductor layer
112.

Referring to FIGS. 1 and 2H, a gate insulating layer 114
covering the source electrode 108, the drain electrode 109,
and the semiconductor layer 112 is formed on the polymer
pattern 102a. The gate insulating layer 114 may include an
organic material (for example, perylene), an inorganic mate-
rial (for example, silicon dioxide (Si0,)) or silicon nitride
(SiN,)). In order to improve device characteristics, a heat
treatment process may be added to the gate insulating layer
114.

Via holes 116 are formed in the gate insulating layer 114.
The via holes 116 pass through the gate insulating layer 114,
and each of the via holes 116 may be formed to expose a
portion of the upper surface of the source and drain electrodes
108 and 109. The via holes 116 may be formed by a dry
etching process or a wet etching process.

Referring to FIGS. 1 and 21, a gate electrode 118 is formed
on the gate insulating layer 114. In detail, the gate electrode
118 may be formed on the gate insulating layer 114 between
the via holes 116. The gate electrode 118 may include poly-
crystalline silicone or a metal.

According to an embodiment of the present invent, the
polymer pattern 102a on which an electronic device is dis-
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posed is formed on the substrate 100 by using a coating
process and a patterning process. The above-mentioned pro-
cesses can allow for easy control of the size and thickness of
the polymer pattern 102a at low costs. Furthermore, after the
polymer pattern 1024 is formed, a wiring region 20 which has
a wrinkled surface and on which the metal wiring 106 is
formed may be formed in the substrate 100. Therefore, the
metal wiring 106 and an electronic device can be performed
on one substrate by a continuous process.

FIGS. 3 A through 3D are cross-sectional views illustrating
apractical application of a method of fabricating an electronic
circuit according to an embodiment of the present invention,
taken along line I-I' in FIG. 1. For simplicity of description,
like reference numerals are used to designate like elements
and description thereof will be omitted.

Referring to 3A, the substrate 100 is prepared. The sub-
strate 100 includes the device region 10 and the wiring region
20. The wiring region 20 of the substrate 100 may be formed
on a portion of the substrate 100 to alternately and repeatedly
have a concave surface and a convex surface by a physical
process (for example, a plasma process), a chemical process
(for example, an etching process), or a mold process. A
remaining region of the substrate 100 other than the wiring
region 20 may be defined as the device region 10. The device
region 10 may have a flat surface.

Meanwhile, an entire surface of the substrate 100 may be
formed to alternately and repeatedly have a concave surface
and a convex surface by conducting a physical process (for
example, a plasma process), a chemical process (for example,
an etching process) or a mold process on the entire surface of
the substrate 100. Therefore, the device region 10 and the
wiring region 20 of the substrate 100 may both have wrinkled
surfaces. Although the device region 10 is formed to have the
wrinkled surface, since the electronic device is formed on the
polymer pattern 102a¢ formed in a subsequent process, the
electronic device can be prevented from being damaged due
to an external pressure. Methods of forming the surface of the
substrate 100 having the wrinkled surface are not limited to
these methods.

Referring to the FIG. 3B, a polymer film 102 is formed on
the substrate 100 and then a photoresist pattern 104 is formed
on the polymer film 102. In detail, the photoresist pattern 104
may be formed on the device region 10 of the substrate 100.

Referring to the FIG. 3C, the polymer pattern 102a is
formed by etching the polymer film 102 exposed to the pho-
toresist pattern 104. An etched region of the polymer film 102
is a portion of the polymer film 102 formed on the wiring
region 20 of the substrate 100. Therefore, the wiring region 20
of the substrate 100 may be exposed.

Referring to the FIG. 3D, the photoresist pattern 104 is
removed. The photoresist pattern 104 may be removed by an
ashing process. Since subsequent processes are the same as
those in FIGS. 2F to 21, description thereof is omitted.

FIGS. 4A to 41 are cross-sectional views illustrating a
method of fabricating an electronic circuit according to other
exemplary embodiments of the present invention, taken along
line I-I' in FIG. 1. For simplicity of description, in the other
embodiments shown in FIGS. 4A to 41, like reference numer-
als are used to designate like elements and description thereof
will be omitted.

Referring to FIG. 4A, a sacrificial film 202, the polymer
film 102 and the photoresist pattern 104 are sequentially
formed on a first substrate 200. The first substrate 200 may be
formed of a rigid material, such as silicone or a glass.
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The sacrificial film 202 may include a material removable
by water or a solvent, for example, poly(methacrylate)
(PMMA), a photoresist, or poly(3,4-etylenedioxythiophene)
(PEDOT).

Referring to FIG. 4B, the polymer film 102 is patterned by
using the photoresist pattern 104 as an etching mask to form
the polymer pattern 102a on the sacrificial film 202. The
photoresist pattern 104 remaining on the polymer pattern
1024 is removed.

Referring to FIG. 4C, a second substrate 204 is formed on
the sacrificial film 202. The second substrate 204 may be
formed to cover the polymer pattern 1024. The second sub-
strate 204 may include a stretchable elastomer material, such
as poly-dimethylsiloxane (PDMS). The second substrate 204
may be formed by coating the stretchable elastomer material
on the sacrificial film 202 through a direct coating, a spin
coating, a bar coating, or a printing process and then curing
the coated stretchable elastomer material through heat treat-
ment. The heat treatment may be conducted to such a degree
that the elasticity of the second substrate 204 is maintained.
The heat treatment temperature may be about 300° C. or less.

Referring to FIGS. 1 and 4D, the second substrate 204 may
be separated from the sacrificial film 202. For example, the
second substrate 204 and the sacrificial film 202 may be
separated by using a solvent selectively dissolving (for
example, wet etching) the sacrificial film 202, or by removing
(for example, laser lift off) a bonding energy between the
second substrate 204 and the sacrificial film 202. The second
substrate 204 separated from the sacrificial film 202 may
include the polymer pattern 102a embedded therein. A bot-
tom surface and a side surface of the polymer pattern 102q are
embedded in the second substrate 204 and an upper surface of
the polymer pattern 102a may be exposed to a surface of the
second substrate 204. The second substrate 204 includes the
device region 10 and the wiring region 20. The device region
10 is a region in which the polymer pattern 102a is embedded
and the wiring region 20 is a remaining region of the second
substrate 204 in which the polymer pattern 102a is not
embedded.

Referring to FIGS. 1 and 4E, the wiring region 20 of the
second substrate 204 is formed to have a wrinkled surface. In
detail, the wiring region 20 may alternately and repeatedly
have a concave surface and a convex surface.

Referring to FIGS. 1 and 4F, the metal wiring 106 is formed
onthe wiring region 20 of the second substrate 204. The metal
wiring 106 is conformally formed on the wiring region 20 to
have the same profile as the surface of the wiring region 20.
The metal wiring 106 may be formed to extend from the
surface of the wiring region 20 to an upper surface of the
polymer pattern 102a.

A source electrode 108 and a drain electrode 109 are
formed on the polymer pattern 102a on which the metal
wiring 106 is formed. The source and drain electrodes 108
and 109 may be formed to be electrically separated from each
other.

Referring to FIGS. 1, and 4G and 41, the semiconductor
layer 112 is formed on the source electrode 108 and the drain
electrode 109.

The gate insulating layer 114 is formed on the semicon-
ductor layer 112 and the via holes 116 passing through the
gate insulating layer 114 are formed.

The gate electrode 118 is formed on the gate insulating
layer 114 between the via holes 116.

The above-disclosed subject matter is to be considered
illustrative, and not restrictive, and the appended claims are
intended to cover all such modifications, enhancements, and
other embodiments, which fall within the true spirit and scope
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of the present invention. Thus, to the maximum extent
allowed by law, the scope of the present invention is to be
determined by the broadest permissible interpretation of the
following claims and their equivalents, and shall not be
restricted or limited by the foregoing detailed description.

What is claimed is:

1. A method of fabricating an electronic circuit, the method
comprising:

preparing a substrate including a device region and a wir-

ing region;

forming a polymer film on the substrate;

patterning the polymer film to form a first polymer pattern

on the device region of the substrate; and

forming an electronic device on the first polymer pattern;

forming a first metal wiring conformally on the wiring

region, the first metal wiring being disposed on an upper
surface of the first polymer pattern, between the first
polymer pattern and the electronic device.

2. The method of claim 1, wherein patterning the polymer
film comprises:

forming a photoresist pattern on the polymer film;

etching a portion of the polymer film exposed by the pho-

toresist pattern;

selectively removing the photoresist pattern; and

performing a heat treatment process to cure the polymer

pattern.

3. The method of claim 1, wherein the polymer film com-
prises a polyimide.

4. The method of claim 1, further comprising forming a
second metal wiring disposed on a second surface of the
polymer pattern, the second metal wiring being spaced apart
from the first metal wiring.

5. The method of claim 4, wherein the first metal wiring is
disposed on a second polymer pattern, electrically connecting
the electronic device on the first polymer pattern to an elec-
tronic device on the second polymer pattern.

6. The method of claim 1, wherein forming the electronic
device comprises:

forming a source electrode and a drain electrode on the

polymer pattern;

forming a semiconductor layer on the source electrode and

the drain electrode;

forming a gate insulating layer that covers the source elec-

trode, the drain electrode, and the semiconductor layer;
and

forming a gate electrode on the gate insulating layer.

7. The method of claim 1, wherein the wiring region com-
prises a repeating array of alternating concave and convex
surfaces on a portion of the substrate, the device region being
defined by the wiring region,

wherein the repeating array of the alternating concave and

convex surfaces of the wiring region is formed after the
first polymer pattern is formed.

8. The method of claim 7, wherein the device region com-
prises a flat surface.

9. The method of claim 8, wherein patterning the polymer
film comprises forming a photoresist pattern on the device
region of the substrate and etching a portion of the polymer
film on the wiring region of the substrate by using the photo-
resist pattern as an etching mask.

10. The method of claim 7, wherein the device region
includes a repeating array of alternating concave and convex
surfaces.
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11. A method of fabricating an electronic circuit, the
method comprising:
preparing a first substrate;
forming a sacrificial film and a polymer film on the sub-
strate;
patterning the polymer film to form a polymer pattern on
the sacrificial film;
forming a second substrate covering the polymer pattern on
the sacrificial film;
separating the second substrate from the sacrificial film to
form the second substrate in which the polymer pattern
is embedded; and
forming an electronic device on the polymer pattern.
12. The method of claim 11, wherein the polymer pattern
comprises a cured polyimide.
13. The method of claim 11, wherein the forming of the
second substrate comprises:
applying a stretchable elastomer material on the sacrificial
film; and
curing the stretchable elastomer material through a heat
treatment process.
14. The method of claim 13, wherein the stretchable elas-
tomer material comprises a poly-dimethylsiloxane (PDMS).
15. The method of claim 11, wherein the second substrate
comprises a wiring region other than a device region and the
device region in which the polymer pattern is formed, and
wherein prior to forming the electronic device, a concave
surface and a convex surface are alternately and repeat-
edly formed on the wiring region of the substrate.
16. The method of claim 15, further comprising forming a
metal wiring on the wiring region of the second substrate,
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wherein the metal wiring extends to an upper surface of the
polymer to be electrically connected to the electronic
device.
17. A method of fabricating an electronic circuit, the
method comprising:
preparing a substrate;
forming a polymer film on the substrate;
patterning the polymer film to form a polymer pattern; and
forming an electronic device on the polymer pattern,
including:
forming a source electrode and a drain electrode on the
polymer pattern;
forming a semiconductor layer on the source electrode
and the drain electrode;
forming a gate insulating layer covering the source elec-
trode, the drain electrode, and the semiconductor
layer; and
forming a gate electrode on the gate insulating layer.
18. A method of fabricating an electronic circuit, the
method comprising:
preparing a substrate including a device region and a wir-
ing region, the device region being defined by the wiring
region;
forming a polymer film on the substrate;
patterning the polymer film to form a polymer pattern;
forming a repeating array of alternating concave and con-
vex surfaces on the wiring region after the polymer
pattern is formed; and
forming an electronic device on the polymer pattern.
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